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(54) KNOCKING CONTROL DEVICE FOR INTERNAL COMBUSTION ENGINE 
(57)Abstract: 

PROBLEM TO BE SOLVED: To reduce the opportunity of an 
unnecessary reduction of engine output by lagging the valve closing 
timing of an intake valve when knocking occurs, and further lagging 
the ignition timing when knocking is still caused after the lag of the 
valve closing timing. 

SOLUTION: This control device 20 executes the lag control for the 
valve closing timing of an intake valve 3 by a variable valve timing 
mechanism, the opening decrease control for a throttle valve and the 
ignition timing control for an ignition plug 7. When the occurrence of 
knocking is detected by a knocking sensor 21, first the valve closing 
timing of the intake valve 3 is lagged by a designated valve timing lag 
amount. In the case where knocking is still caused after that, the 
repeated ignition timing is lagged to restrain knocking. Thus, knocking 
can be restrained in a short time, and further the valve closing timing 

of the intake valve 3 is lagged excessively to prevent an unnecessary lowering of engine output. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original precisely. 
2 **** s h ows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the knocking control unit of an internal 

combustion engine. 

[0002] 

[Description of the Prior Art] Lowering a combustion pressure and suppressing knocking is proposed by carrying out 
the angle of delay of the valve-closing stage of an inlet valve to JP,61-1 86709 ,U, and reducing an inhalation-of-air 
charging efficiency to it in an internal combustion engine equipped with an adjustable valve timing mechanism, at the 
time of knocking generating. 
[0003] 

[Problem(s) to be Solved by the Invention] In the above-mentioned conventional technology, since an adjustable valve 
timing mechanism is that to which the valve-closing time of an inlet valve is changed mechanically, by the time it 
actually changes valve-closing time, a predetermined time will be needed. Thereby, in order to suppress knocking 
completely comparatively in feedback control for a short time, it is necessary to lessen the number of times of 
feedback, and the amount of angles of delay in one feedback is enlarged comparatively. Consequently, the angle of 
delay of the valve-closing time is superfluously carried out at the knocking suppression time, and unit power may be 
reduced superfluously. 

[0004] therefore, knocking control unit **** to which the purpose of this invention carries out the angle of delay of the 

valve-closing timing of an inlet valve - it is reducing the opportunity of an unnecessary unit-power fall 

[0005] 

[Means for Solving the Problem] The knocking control unit of the internal combustion engine according to claim 1 by 
this invention is characterized by providing the valve-closing time angle-of-delay means which carries out the angle of 
delay of the valve-closing time of an inlet valve at the time of knocking generating, and the ignition-timing angle-of- 
delay means which carries out the angle of delay of the ignition timing when knocking has still occurred, after the 
angle of delay of the valve-closing time of an inlet valve is carried out by the aforementioned valve-closing time angle- 
of-delay means. 

[0006] Moreover, in the knocking control unit of an internal combustion engine according to claim 1, the knocking 
control unit of the internal combustion engine according to claim 2 by this invention is characterized by providing the 
ignition-timing tooth-lead-angle means which carries out the tooth lead angle of the ignition timing, when knocking is 
suppressed, after the angle of delay of the valve-closing time of an inlet valve was carried out by the aforementioned 
valve-closing time angle-of-delay means. 

[0007] Moreover, the knocking control unit of the internal combustion engine according to claim 3 by this invention A 
valve-closing time angle-of-delay limit means to restrict the angle of delay of the valve-closing time of the inlet valve 
by the aforementioned valve-closing time angle-of-delay means to the degree of predetermined crank angle in a 
knocking control unit according to claim 1 or 2, An opening reduction means to decrease the opening of a throttle 
valve before carrying out the angle of delay of the ignition timing by the aforementioned ignition-timing angle-of- 
delay means, when the angle of delay of the valve-closing time of an inlet valve is restricted to the aforementioned 
degree of predetermined crank angle by the aforementioned valve-closing time angle-of-delay control means and 
knocking has occurred, It is characterized by providing **. 
[0008] 

[Embodiments of the Invention] Drawing 1 is the outline cross section showing the internal combustion engine with 
which the knocking control unit by this invention was attached. In this drawing, the inhalation-of-air path which 1 
minds a piston, and 2 minds an inlet valve 3, and leads into a cylinder, and 4 are flueways which lead into a cylinder 
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JS^^^tt^^^S! ^^^"^ghabeU^byp^ napkin 

an inlet valve 3 and an exhaust valve 5 are opened and closed inlet-valve 3 

mOlOl Generally the well-known adjustable valve timing mechanism is prepared in the cam shaft 11 for inkt valve 3, 

j II ZL shaft 1 2 for exhaust valve 5 This is what carries out relative rotation of cam shafts 1 1 and 12 and the 
™S v m lb above-mentioned relative rotation by connecting through the intermediate 

of wWch h^ ; a helical gL tooth by using both as an external tooth, and moving this intermediate gear in the 
dhec^n of an a^s Sg § he ^pressure force or electromagnetic force, for example, by that cause t becomes 
pS?e to cLTufe opening-and-closing stage of an inlet valve 3 and an exhaust valve 5 to a topless story , 
mo 11 20 is aTontrol unit which carries out angle-of-delay control of the valve-closing time of the inlet valve 3 by this 
ffi^td^ opening reduction control of a throttle valve 6 and ^^^fj^ 
Ig^on plug 7 as a knocking control unit, and the knocking sensor 21 is connected. The knocking sensor 21 is a sway 
sensor which is attached in a cylinder block and detects vibration. 

[00121 r^wmeTis the first flow chart for the angle-of-delay control of the valve-closing time of an inlet valve 3 and 
Se opeS^tton conSl of a throttle valve 6 by the control unit 20. This flow chart is repeated by predetermined 

iSlJIFStltep 101 when this judgment is denied, it is judged whether knocking has occurred based on the output 
of ^heScking sensor 2 , and it progresses to Step 102, and Flag F is set to 0 and it ends. On the other hand, when it is 
t££E£SS£l~ occurred" ifprogresses to Step 103. At Step 103 it is judged ^^f^ tane 
Ta of the present inlet valve is more than the degree Tm of predetermined crank angle This degree Tm of 
nredeSned crank angle is the degree of crank angle whose sufficient compression becomes impossible while a 
SSSS^SKl very mfch, if the angle of delay of the valve-closing time of an inlet valve 3 is earned o Ut 
exSL The above-mentioned adjustable valve timing mechanism is used for valve opening ^and valve-ctosmg 
time of m inlet valve 3 and an exhaust valve 5, and they are controlled by another flow chart (not shown) at each 
£fc£ ^ according to the engine operational status based on cutouts, such as an *™}™^ d ^f~ * 
rotation sensor and a cooling coolant temperature sensor. Of course, in valve opening of this inlet valve 3 and an 
exhaust vaWe 5, and control of valve-closing time, valve-closing time of an inlet valve 3 is not made mto an angle-of- 

Kne^ 

amount of Stermined valve-closmg time angles of delay deltaT is earned out at the beginning from the valve- 
2Zg time Ta of present [ time / valve-closing / of an inlet valve 3 ]. Knocking can be made hard for a firing pressure 
S faU aX generate, in order for an inhalation-of-air charging efficiency to fall, if the angle of delay of the valve- 
l^ngTme o 8 f an inlet valve 3 is carried out. Subsequently, it progresses to Step 105 and it is judged whetoer based on 
St of the knocking sensor 21, knocking has occuned again. If generating of knocking is ^suppressed by this 
vTlve dosing time angle of delay in Step 104, although it will end progressing to Step 102 and Flag F being used as 0, 
when knocking has still occurred, it progresses to Step 106, and it is ended, Flag F being used as I . 
[00151 if this flow chart is repeated, the amount of predetermined valve-closing time angles of delay deltaT [ every ] 
ang e of dX 7me valve-closing time of an inlet valve 3 is carried out in Step 104 and the valve-closmg time Ta 
tecomes more man the degree Tm of predetermined crank angle In order to affirm the judgment in Step 103 (and to 
ororSto sCl07 the angle of delay of the valve-closing time of an inlet valve 3 is not earned out more than it and 
SS^S^iSSrtil opening deltas decreases from the opening Sa of present [ opening / of a throttle valve 
6 V The openmg of a throttle valve 6 is controlled by another flow chart (not shown) by the optimal opening according 
to^Sne opTaLnd sTatus. Knocking can be made hard for a firing pressure to fall too and to generate * m order for an 
nhalation air content to fall, if the opening of a throttle valve 6 is decreased. Subsequently, it pr ogresses to 105 
and it is judged whether based on the output of the knocking sensor 21 knocking has occuned again^If generating of 
knocking is suppressed by this opening reduction in Step 107, although it will end progressing to Step 102 and Flag F 
big used as 0 when knocking has still occuned, it progresses to Step 106, and it is ended Flag F being used a 1. 
mo il] Drawing 3 is the second flow chart for the ignition-timing control by the control unit 20. This flow chart is 
repeated by real line spacing shorter than the real line spacing of the first above-mentioned flow chart 
[0017] First, in Step 201, it is judged whether the flag F in the first flow chart is 1. It is the negative value m which it 
does not generate but knocking progresses to Step 202 in present when this judgment is denied (i.e., when Flag F is 0), 



Page 3 of 4 



and amount of ignition-timing angles of delay deltal has a comparatively small absolute value. - Referred to as a in 
Ste P ?03 L toZ lead angle of the angle of delay, i.e., the a, is carried out, and the present ignition timing la ends 

romston 'the other hand, when knocking has occurred in present, Flag F is 1, and the judgment in Step 201 * affirmed 
and it progresses to Step 204, and although the output peak value VP of the knocking sensor 21 is larger than the 1st 
^redetermined value A, it is judged whether it is no. It is several times the background noise, when this judgment s 
tf^KTbig knocking hfs occurred, the 1st predetermined value A progresses to Step 205 amount of igmhon- 
timing angles of delay deltal is set to comparatively big b, and, as for the present ignition timing la, the angle of delay 
onlv of the deltal is carried out for the angle of delay, i.e., b, in Step 203. 

[0019] Moreover, when the judgment in Step 204 is denied, it progresses to Step 206 and it is judged whether the 
output peak value VP of the knocking sensor 21 is larger than the 2nd predetermined value B. It is a value smaller than 
the 1st predetermined value A, when this judgment is affirmed, strong small knocking has occurred, the 2nd 
predetermined value B progresses to Step 207, amount of ignition-timing angles of delay deltal is set to comparatively 
small c, and, as for the present ignition timing la, the angle of delay only of the deltal is earned out for the angle of 

m6]m^^!^iht judgment in Step 206 is denied, it progressed to Step 208 and knocking has occurred or 
since it is not certain, amount of ignition-timing angles of delay deltal is set to 0, and, as for the present ignition timing 
la, the angle of delay, i.e., the angle of delay or a tooth lead angle, is not earned out only for deltal in Step 203. 
[00211 If knocking generated by opening reduction of the valve-closing time angle of delay of the inlet valve 3 by the 
first flow chart or a throttle valve 6 is suppressed if knocking has not occuned or since the second flow chart for this 
ignition-timing control is repeated by real line spacing shorter than the real line spacing of the first flow chart as 
mentioned above, the tooth lead angle of the ignition timing is earned out gradually, and it can make combustion good. 

[00221 Moreover, when knocking is still generated also by opening reduction of the valve-closing time angle of delay 
of the inlet valve 3 by the first flow chart, or a throttle valve 6, and the intensity of knocking is large, the angle of delay 
of the ignition timing is carried out the comparatively big amount of angles of delay every b and it can suppress 
knocking at an early stage. Moreover, when the intensity of knocking is small, the angle of delay of the ignition timing 
being carried out the comparatively small amount of angles of delay every c, and carrying out the angle of delay of the 
ignition timing to suppression of knocking more than required is prevented. 

[00231 Even if the angle of delay of such ignition timing is repeated several times, when knocking has still occurred, 
further, the first flow chart is performed again, and the angle of delay of the valve-closing time of an inlet valve 3 is 
carried out only for amount of predetermined valve-closing time angles of delay deltaT, and if the valve-closing time 
of an inlet valve 3 is over the degree Tm of predetermined crank angle, only in predetermined opening decrement 
deltas, the opening of a throttle valve 6 will decrease. 

[00241 Knocking generating of the knocking control unit of this operation form carnes out the angle of delay ot the 
valve-closing time of an inlet valve only for the amount of predetermined valve-closing time angles of delay first. 
When it also sets after that and knocking has still occuned, the angle of delay of the repeat ignition tuning is carried 
out so that knocking may be suppressed. In this way, if knocking is suppressed, in order to carry out the angle of delay 
of the ignition timing which carries out the angle of delay of the valve-closing time of an inlet valve first, next control 
hardly takes time, it is prevented that can suppress knocking in a short time, and the angle of delay of the yalve-closmg 
time of an inlet valve is superfluously carried out as compared with the case where knocking is suppressed only by the 
angle of delay of the valve-closing time of an inlet valve, and unit power declines superfluously .... 
[0025] moreover, with the knocking control unit of this operation gestalt, although the angle of delay of the ignition 
timing is carried out sharply and combustion may get worse very much when suppressing knocking only by the angle 
of delay of ignition timing, in order to suppress knocking by the angle of delay of the valve-closing stage of a until 
inlet valve to some extent at least, the angle of delay of the ignition timing is not sharply earned out for the valve- 
closing stage of an inlet valve Moreover, in order to suppress knocking to the grade which has decreased the opening 
of a throttle valve although the angle of delay of the valve-closing stage cannot be earned out more than this instead 
when the valve-closing stage of an inlet valve is made into the degree of predetermined crank angle for example, 
according to engine operational status at the time of knocking generating, the angle of delay of the ignition timing is 
not sharply carried out in this case. 

[0026] With this operation form, the knocking sensor 21 must use this knocking sensor 21 as a dissonance type sensor, 
in order to be refened to as one and to use output peak value in the 2nd flow chart in this case. However, since it is 
what can detect very conectly whether knocking has occuned or not, you may make it add a resonated type sensor to 
control of the first flow chart, although a resonated type sensor cannot detect output peak value, i.e., knocking 
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intensity. Moreover, you may be made to carry out the first and the second flow chart only by the engine operational 

status which knocking tends to generate. 

[0027] 

[Effect of the Invention] Thus, according to the knocking control unit of the internal combustion engine by this 
invention, if knocking occurs, a valve-closing time angle-of-delay means carries out the angle of delay of the valve- 
closing time of an inlet valve, and when it also sets after that and knocking has still occurred, an ignition-timing angle- 
of-delay means will carry out the angle of delay of the ignition timing. In this way, if knocking is suppressed, it will be 
prevented that the angle of delay of the valve-closing time of an inlet valve is not carried out superfluously in addition 
to knocking suppression in a short time being possible, and unit power declines superfluously. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 . This document has been translated by computer. So the translation may not reflect the original precisely. 
2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The knocking control unit of the internal combustion engine characterized by providing the valve-closing 
time angle-of-delay means which carries out the angle of delay of the valve-closing time of an inlet valve at the time of 
knocking generating, and the ignition-timing angle-of-delay means which carries out the angle of delay of the ignition 
timing when knocking has still occurred, after the angle of delay of the valve-closing time of an inlet valve is carried 
out by the aforementioned valve-closing time angle-of-delay means. 

[Claim 2] The knocking control unit of the internal combustion engine according to claim 1 characterized by providing 
the ignition-timing tooth-lead-angle means which carries out the tooth lead angle of the ignition timing when knocking 
is suppressed, after the angle of delay of the valve-closing time of an inlet valve was carried out by the aforementioned 
valve-closing time angle-of-delay means. 

[Claim 3] The knocking control unit according to claim 1 or 2 characterized by providing the following. A valve- 
closing time angle-of-delay limit means to restrict the angle of delay of the valve-closing time of the inlet valve by the 
aforementioned valve-closing time angle-of-delay means to the degree of predetermined crank angle. An opening 
reduction means to decrease the opening of a throttle valve before carrying out the angle of delay of the ignition timing 
by the aforementioned ignition-timing angle-of-delay means, when the angle of delay of the valve-closing time of an 
inlet valve is restricted to the aforementioned degree of predetermined crank angle by the aforementioned valve- 
closing time angle-of-delay control means and knocking has occurred. 



[Translation done.] 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the outline cross section of the internal combustion engine with which the knocking control unit by 
this invention was attached. 

[Drawing 2] It is the first flow chart for valve-closing stage angle-of-delay control of an inlet valve, and opening 
reduction control of a throttle valve. 

[Drawing 3] It is the second flow chart for ignition-timing control. 
[Description of Notations] 

2 - Inhalation-of-air path 

3 — Inlet valve 

6 ~ Throttle valve 

11- Cam shaft for inlet valves 

20 -- Control unit 

21 — Sway sensor 



[Translation done.] 
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DRAWINGS 
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